Attorney Docket No. 96034 

Catadioptric Microlithogra phic Reduction ObierM'vP 
Related Application 

This application is a continuation-in-part application of 
patent application serial no. 09/936,537, filed 

September 24, 1997, and entitled "Catadioptric Microlithographic 
Reduction Objective". 
Field of the Invention 

The invention relates to a catadioptric microlithographic 
reduction objective having two concave mirrors facing each other 
Each of the concave mirrors has an axial -symmetric configuration 
and a central bore . 
Background of the Invention 

Catadioptric reduction objectives for deep UV 
microlithography are known. A diagonally positioned polarizing 
beam splitter and a A/4 plate are required in the embodiment 
disclosed in United States patent application serial 
no. 08/845,384, filed April 25, 1997, and the publications cited 
therein. The beam splitter and the A/4 plate present a 
manufacturing problem in the deep UV wavelength range. 
Furthermore, a deflection of the optical axis by 
approximately 90° is mandatory so that a second deflection is 
provided in order to maintain parallelism of reticle and wafer. 

Other catadioptric systems are asymmetrically configured. 
These systems can, for example, be of the Dyson type or as shown 
in European patent publication 0,581,585. 

United States Patent 5,488,229 discloses a catadioptric 
microlithographic reduction objective which is configured to be 
axially symmetrical and has two concave mirrors facing toward 
each other. In principle, a central bore is given but this does 



not present a problem in view of th* ~ 

of ann Ul increasing significance 

of annular aperture illumination. 

Both concave mirrors are configure, as mangin mirrQrs ^ 
-e secon d one of the mirrors operates in i ts center regiQn ag & 

lens. Thereafter, onlv the iric ^ u 

only the iris diaphragm and the wafer are 

arranged. At 3=01 NA - n e = j 1 , 

0.1, NA - 0.6 and lambda - 193 nm , five lenses 

and two mangin mirrors are sufficient. However, nothing is 
center bore. with image field sizes as rh» 

„. . S ' as thev are obtained with 

the invention, mangin mirrors havinq a dianu.h 

ng a dla meter up to one meter 

would be required t> i = 

^ red. it 1S not seen that quartz glass or even 

another lens material could be made available in m, „ • 

available m these dimensions 
m the ^ taty ^ ality for deep m mlcroUthogca[ihii 

United states p a t e „t S , M1 ,, 7 , di3closes ^ 
-fixation. H0 „ ev „, the 3econa ^ ^ ^ ^ 

separate thic* !ens is provided bet „ ee „ ^ 

Summary of t-h» T^^ nMnr| 

" i» an object of the invention to provide a reduction 
objective which provides an i» 9e field havi„ 9 a size 
correspond^ to the production regents of wafer-stepper 
-chines and which has a suitabie error correction. „ lt h the 
lnVe °"°"' * 2Hi"H££i^^rovided which facilitates 
manufacture and avoids e_ f peciaUv JsH e and tnic* iens.a 

The catadioptric -icronthographic reduction objective o f 

the invention defines an optical av-i = 

optical axis, provides a light path and 
torms an image of an obiect tv,*, 

ob D ect. The catadioptric microlithographic 
reduction objective includes- ~ 

ncludes. two concave mirrors mounted on the 

^^^^^ and having 

a central bore,- a plurality of lenses being arranged along the 



optical axis toward the image downstream of the mirrors on the 
light path; and, the concave mirrors and the plurality of lenses 
being configured and arranged to provide a microlithographic 
reduction . 

5 Within the plurality of lenses, the light beam is again 

reduced to a diameter which is considerably less than the mirror 
diameter s o that correction lenses having reasonable diameters 
can be utilized. 

According to another feature of the invention, the lenses at 

10 the object end are positioned forward in the intermediate space 

between the mirrors in the region of the central bore. Thus, the 
object end lens system projects into the mirror intermediate 
space in the region of the central bore thereby positively 
affecting chromatic aberrations. 

15 According to still another feature of the invention, the 

light path between the concave mirrors is free of lenses, that 
is, in the region of the largest beam diameter. Accordingly, the 
objective of using smal l lenses is achieve d. 

An intermediate image is provided after the mirrors. In 

20 this way, surfaces conjugated to the mirrors result in the space 

between the intermediate image and the image. In the vicinity of 
these surfaces, elements for correcting the image errors, which 
are caused by the mirrors, can be optimally mounted. A meniscus 
pair is suitable for this purpose. 

25 According to another feature of the invention, a corrective 

element is provided. More specifically, a convex air lens is 
included between two lenses and, in this way, good correction for 
astigmatism is achieved. 

According to other features of the invention, the image 

30 field is greater than 20 mm in diameter and the numerical 



aperture at the image end is greater than 0.60. Also, the field 
curvature is less than 0.06 /zm and the chromatic correction for a 
bandwidth of at least 6 pm (picometer) is achieved. With these 
features, the advantageous quality is provided by the invention, 
namely, with a large image field associated with a large numeric 
aperture, with low image field curvature and with adequate 
chromatic bandwidth. 
Brief Description of the Drawings 

The invention will now be described with reference to the 
drawings wherein: 

FIG. 1 is a section view taken through the lenses of the 
catadioptric microlithographic reduction objective according to 
an embodiment of the invention; and, 

FIG. 2 is a side elevation view, in section, of a projection 
exposure system according to an embodiment of the invention. 
Description of the Preferred Embodiments of the Invention 

The lens section view shown in FIG. 1 together with the data 
in Table 1 describe the preferred embodiment of the catadioptric 
microlithographic reduction objective of the invention. Here, a 
total of 27 lenses and two mirrors (21, 23) as well as a planar 
plate (50/51) are shown arranged between object (0) and image 
plane 61. For an image field diameter of 27 mm, the diameter of 
the largest lens (19/20) is approximately 173 mm and the diameter 
of the largest mirror 23 is approximately 707 mm. The central 
bore amounts to approximately 35% of the mirror diameter. The 
objective is configured for the wavelength 193.38 nm and the 
image end numerical aperture is 0.70. 

An intermediate image plane Z is realized between the 
surfaces 29 and 30 and meniscus lenses (46, 47; 48, 49) 
and (53, 54) are provided at the additional pupil P corresponding 
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thereto. These meniscus lenses optimally correct image errors 
generated by the mirrors (21, 23) and especially off -axis image 
errors . 

A planar plate (50/51) is provided between the meniscus 
lenses directly in the region of the pupil P. During manufacture 
of these objectives, this planar plate (50/51) can be used for 
the purpose of correcting residual errors of the objectives via 
small form corrections which can, for example, be generated by 
ion ray etching thus making a nonspherical , nonplanar surface but 
retaining the overall planar shape. 

The object -end lens group (1 to 20) is a wide angle 
retrofocus objective. The lens group (25 to 29) is mirrored to 
the lens group (1 to 20) and is forward of the intermediate 
image Z of this type. The meniscus lenses (19, 20 and 24, 25) 
cause the light beam to diverge g reatly at the mirror end and 
thereby result in the small central bore . The two lens groups (1 
to 20) and (24 to 29) extend into the mirror 
arrangement (21, 23) . It is an important function of the 
meniscus lenses (19, 20) and (24, 25) to create a large 
longitudinal chromatic aberration. This aberration is 
compensated by all of the remaining lenses. 

The greatly convex surface 57 in combination with the glass 
thickness of the corresponding lens up to the surface 60 is 
significant for the here-described objective class and is 
similarly conventional for microscope objectives. 

All lenses are spherical and are made of quartz glass. 
Other materials (calcium fluoride) can be provided for the 
operation at lower wavelengths such as 157 nm. 

The mirrors are aspherical in accordance with the known 
power series expansion: 



P(h) = (1/2R) h* + c, h 4 + ... + c„ h 2n+2 

x n 

wherein: P is the sagitta as a function of the radius h 
(elevation to the optical axis) with the aspheric constants c 2 
to c n presented in Table 1. R is the vertex radius from Table 1. 
The deviations of the mirror surfaces from the spherical are 
moderate and can be controlled during manufacture. 

The manufacture of such aspherical mirrors in the diameter 
range of 0 . 5 to 1 meter is known from the area of astronomic 
instruments. For assembly-line manufacture, shaping techniques 
such as galvano forming can be applied. The manufacturing 
accuracy does not have to be too great because conjugated 
corrective surfaces are available on the above-mentioned planar 
plate (50/51) or on one of the adjacent meniscus lens 
surfaces 52, et cetera. 

It is also possible to provide elastic mirrors. As a 
departure from the known alignment cementing, these mirrors can 
be adjusted in an assembly phase utilizing actuators and can then 
be fixed on a rigid carrier. On the other hand, these mirrors 
can be controlled in optimal form during operation on line with, 
for example, piezoelectric actuators in order to compensate, for 
example, for thermal lens effects. 

A projection exposure system is shown in FIG. 2 and includes 
a light source 201, for example, an excimer laser emitting light 
at a wavelength below 250 nm. An illumination system 202 is 
arranged downstream of the light source 201. Reference 
numeral 230 identifies the mask holder and operating system. The 
mask holder holds a mask 203 on the optical axis downstream of 
the illumination system 202 as shown. A catadioptric reduction 
objective 204 follows the mask holder and operating system 23 0 
and can, for example, correspond to the catadioptric 



microlithographic reduction objective shown in FIG. 1. The 
reduction objective 204 has a reduction ratio in the range of 1:2 
to 1:10. 

The object is identified by reference numeral 205 and can 
5 be, for example, a semiconductor wafer or LCD panel. The 

object 205 is held by an object holder and operating system 250. 

It is understood that the foregoing description is that of 
the preferred embodiments of the invention and that various 
changes and modifications may be made thereto without departing 
10 from the spirit and scope of the invention as defined in the 

appended claims. 
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What is claimed is: 



1. A catadioptric microlithographic reduction objective defining 
an optical axis, providing a light path and forming an image of 
an object, the catadioptric microlithographic reduction objective 
comprising : 

two concave mirrors mounted on said optical axis facing each 
other; 

each of said concave mirrors having a configuration 
symmetrical to the optical axis and having a central bore; 

a plurality of lenses being arranged along said optical axis 
toward said image downstream of said concave mirrors on said 
light path; and, 

said concave mirrors and said plurality of lenses being 
configured and arranged to provide a microlithographic reduction. 

2. The catadioptric microlithographic reduction objective of 
claim 1, said concave mirrors conjointly defining an intermediate 
space therebetween; said plurality of lenses being a first 
plurality of lenses; said reduction objective further including a 
second plurality of lenses arranged on said optical axis upstream 
of said first plurality of lenses and facing toward said object; 
and, only said second plurality of lenses extending at least 
partially into said intermediate space. 

3. The catadioptric microlithographic reduction objective of 
claim 1, wherein said light path between said concave mirrors is 
devoid of lenses. 

4. The catadioptric microlithographic reduction objective of 



claim 2, wherein an intermediate image (Z) is formed on said 
optical axis downstream of said concave mirrors. 

5. The catadioptric microlithographic reduction objective of 
claim 1, wherein said reduction objective defines an image field 
having a diameter greater than 20 mm. 

6. The catadioptric microlithographic reduction objective of 
claim 1, wherein the image end numerical aperture is greater 
than 0.60. 

7. The catadioptric microlithographic reduction objective of 
claim 1, wherein the image field curvature is less than 0.06 ptm. 

8. The catadioptric microlithographic reduction objective of 
claim 1, wherein a chromatic correction for a bandwidth of at 
least 6 pm is obtained. 

9. The catadioptric microlithographic reduction objective of 
claim 1, wherein all of said lenses are made of the same 
material . 

10. The catadioptric microlithographic reduction objective of 
claim 9, wherein said material is quartz glass. 

11. The catadioptric microlithographic reduction objective of 
claim 9, wherein said material is a fluoride crystal. 

12. A catadioptric microlithographic reduction objective 
defining an optical axis, providing a light path and forming an 
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image of an object, the catadioptric microlithographic reduction 
objective comprising: 

two concave mirrors mounted on said optical axis facing each 
other; 

each of said concave mirrors having a configuration 
symmetrical to the optical axis and having a central bore; 

a plurality of lenses being arranged along said optical axis 
toward said image downstream of said concave mirrors on said 
light path; 

said concave mirrors conjointly defining an intermediate 
space therebetween; said plurality of lenses being a first 
plurality of lenses; 

said reduction objective further including a second 
plurality of lenses arranged on said optical axis upstream of 
said first plurality of lenses and facing toward said object; 

said second plurality of lenses extending at least partially 
into said intermediate space; 

an intermediate image (2) being formed on said optical axis 
downstream of said concave mirrors; and, 

two lenses of said first plurality conjointly defining a 
convex air lens therebetween downstream of said intermediate 
image . 

13. A catadioptric microlithographic reduction objective 
defining an optical axis, providing a light path and forming an 
image of an object, the catadioptric microlithographic reduction 
objective comprising: 

two concave mirrors mounted on said optical axis facing each 
other; 

each of said concave mirrors having a configuration 
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symmetrical to the optical axis and having a central bore; 

a plurality of lenses being arranged along said optical axis 
toward said image downstream of said concave mirrors on said 
light path; 

an intermediate image (Z) being formed on said optical axis 
downstream of said concave mirrors; 

a pupil (P) being formed downstream of said intermediate 
image (Z) ; and, 

said plurality of lenses including meniscus lenses being 
mounted in a region near said pupil (P) and said meniscus lenses 
being convex toward said pupil. 

14. The catadioptric microlithographic reduction objective of 
claim 13, said plurality of lenses including an optical element 
mounted in said region; and, said optical element having 
nonspherical corrective surfaces. 

15. A catadioptric microlithographic reduction objective 
defining an optical axis, providing a light path and forming an 
image of an object, the catadioptric microlithographic reduction 
objective comprising: 

two concave mirrors mounted on said optical axis facing each 
other; 

each of said concave mirrors having a configuration 
symmetrical to the optical axis and having a central bore; 

a plurality of lenses being arranged along said optical axis 
toward said image downstream of said concave mirrors on said 
light path; 

said concave mirrors conjointly defining an intermediate 
space therebetween; 
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said plurality of lenses being a first plurality of lenses; 
15 said reduction objective. further including a second 

plurality of lenses arranged on said optical axis upstream of 
said first plurality of lenses and facing toward said object; 

said second plurality of lenses extending at least partially 
into said intermediate space in the region of said central bores; 
2 0 said light path between said concave mirrors being devoid of 

lenses ; 

an intermediate image (Z) being formed on said optical axis 
downstream of said concave mirrors; and, 

said concave mirrors and said first and second pluralities 
25 of lenses being configured and arranged to provide a 

microlithographic reduction. 

16. A projection exposure system comprising: 

a light source emitting light at a wavelength below 2 50 nm; 

an illumination system arranged downstream of said light 
source; 

5 a mask holder and operating system; 

a catadioptric reduction objective having a reduction ratio 
in the range of 1:2 to 1:10; and, 

an object holder and operating system. 
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Abstract of the Disclosure 

The invention is directed to a catadioptric 
microlithographic reduction objective having two concave 
mirrors (21, 23) facing toward each other. The concave mirrors 
have a symmetrical configuration and central bore. Lenses (24 
to 60) are mounted downstream of the mirrors (21, 23) on the 
light path toward the image plane (61) . Preferably, lenses (15 
to 20) are moved at the object end forward into the intermediate 
space between the mirrors (21, 23) in the region of the central 
bore. The light path between the concave mirrors can then 
preferably be free of lenses. The formation of an intermediate 
image (Z) downstream of the mirrors (21, 23) affords especially 
good correction possibilities. 
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